A study was conducted in mid hills of Himachal Pradesh during the Rabi seasons of 2017-18 and 2018-19 on a sandy loam to assess the thermal requirements and heat use efficiency of Pea cultivars under varying sowing environments & row orientations. The duration of phenological stages and accumulation of agro-climatic indices (GDD, PTU and HTU) were greatly abridged with delay in crop sowing. Among the dates of sowing, the utmost agro-climatic indices accretion was perceived in 1 st December as compared to 15 th December sown crop. Earlier crop sown had significantly highest heat use efficiency. Among the cultivars, PB-89 was observed highly efficient in heat use as compared to Azad-p1 and ESP-111 cultivars. Among the row orientations, the highest heat use efficiency was observed in crop sown on NS orientation. The study concluded that alterations in sowing time and row orientation are highly effective in improving heat use efficiency of Pea cultivars under changing climatic scenarios in mid hills of Himachal Pradesh.
Introduction
Pea (Pisum sativum) is a nutritious, cool season, frost-hardy and one of the most important Rabi pulse has the ability to grow in a wide range of soil and climate. It does not thrive in summer heat or low land tropical climates but, widely cultivated throughout the world in cooler high altitude tropical areas. 1&14 Pea was among the first crops cultivated by primitive man for food, forage and vegetable purpose. It is generally grown for dry seeds which ranked fourth in terms of world production of legumes after Soybeans, Peanuts & Dry beans. Every crop has its own definite requirements for particular environmental conditions for its proper growth and yield. 2&3 Temperature is one of the utmost imperative weather parameter for controlling the plant growth and development 3&15 which adversely affects photosynthesis, respiration, membrane stability, fertilization, maturity, quality of seeds and nutrient absorption. 4 The concept of growing degree days is based on the concept that real time required to achieve the phenological stage is linearly related to temperature in the range between base temperature & optimal temperature. Heat and photoperiodic units are considered as the fundamental units used to examine the phenology of crops over climatic variations. 5&9 Heat use efficiency (HUE) depicted that the heat utilized to produce one unit of plant biomass. 6 Heat use efficiency, i.e., efficiency of utilization of heat in terms of dry matter accretion, depends on crop type, genetic factors & sowing time & has great practical application. 7 Thermal use efficiency was influenced by varying weather conditions and nutrient levels. Temperature based agro-meteorological indices such as growing degree days (GDD) and Thermal Use Efficiency (HUE) are quite useful in predicting growth and yield of different crops.
Materials and Methods
A arena experiment was steered throughout the Rabi seasons of 2017-18 and 2018-19 in the experimental farm of the Department of Environmental Science, Dr. YS Parmar University of Horticulture & Forestry Nauni (30 o 86'N, 77 o 16'E and 1275 m amsl). The climate of the area is sub-tropical to sub-temperate and semi-humid characterized by cold winters and having distinguished four major seasons in the year. The treatments comprised of two dates of sowing viz. D 1 (1 st December) and D 2 (15 th December) as main plot and three pea varieties (Azad-P1, PB-89 and ESP-111) under two row orientations i.e. O 1 (North-South) and O 2 (East-west) with three replication. The total no. of plots were 36 (3x2x2x3) with gross size of 3m x 2m and net sown area of 2.7m x 1.8m The crop was sown in 45 cm x 20 cm spacing in RBD design and recommended package of practices for the crop were adopted during the experiment.
Meteorological data were recorded from the Agro-meteorological Observatory, situated near the experimental farm. Agro-meteorological indices, viz. growing degree days (GDD), helio-thermal units (HTU), photo thermal units (PTU) and heat use efficiency (HUE) were computed by adopting procedure laid out by Singh et al., 2015. 8 Phenology is the study of the timing of recurring of biological phasic events, the reasons of their timing with regard to biotic & abiotic forces also the interrelation amid phases of the same or different species. 9 Five major phenophases from sowing to maturity viz. emergence, first node, flowering, pod formation and maturity and days taken to attain them were recorded in three pea cultivars.
Agro-Meteorological Indices
Different agro-meteorological indices & heat use efficiencies were calculated using following equations on daily basis and accumulated from emergence to maturity/harvesting taking 5 o C as base temperature.
Growing Degree Days (GDD)
Growing degree days for different phonological stages were intended by summation of daily mean temperature above base temperature (5 o C) for a corresponding period from emergence to maturity. Where, DL is the maximum possible day length hours at the experimental site.
Heat Use Efficiency (HUE)
The heat use efficiency is the extent of above ground dry matter formed per degree-day. It was intended by using the following formula:
Heat Use Efficiency (g/m 2 /°C day) = (Dry matter yield (g/m 2 ))/(AGDD °C day)
Where, AGDD = Accumulated growing degree days (°C day).
Results and Discussion Crop Phenology
The results discovered that the early sown crop took more number of days from pod filling to physiological maturity as compared to late sown crop because early sown crop almost matures early by preventing the higher temperature at later growth stages (Table 1) . 
Heliothermal Units (HTU)
The perusal of the data given in Table 1 
Heat use efficiency (HUE)
The heat use efficiency (HUE) indicated capacity of the plant to harvest dry matter per unit of heat use. The HUE was computed at different phonological stages of three pea cultivars under different environment (D 1 and D 2 ) and two row orientations were given in Table 3 . 
Relationship between Heat Units and Seed Yield
Grain yield produced by a crop depends up on the heat units accumulated during their growth period. Accumulated growing degree days explained 66.1 per cent variation in grain yield (Fig 1) . Similar relation with the grain yield was observed for other thermal indices like HTU, and PTU. A significant positive correlation (R 2 = 0.67) between GDD and grain yield was reported by Srivastava et al., (2005) . 13
Fig.1: Relationship between growing degree days and grain yield

Conclusions
The present study indicated that the date of sowing played a very important role in determining the arrival of different phenological stages as well as pod and grain yield of Pea cultivars. The timely crop sowing took higher number of days and thermal times as compared to delayed sowing for attaining different phenophases and physiological maturity. More that 66 per cent variation in pod and grain yields of pea cultivars were explained by different thermal units. Timely or early crop sowing gave better yield both in respect of pod and grain. And NS directions give more yields as compared to EW directions. Heat use efficiency was higher in NS rather than EW.
